Cofactor 430 of methyl-coenzyme M reductase from Methanobacterium thermoautotrophicum was studied in both the extracted form in aqueous solution and protein-bound by using low-temperature magneticcircular-dichroism spectroscopy. In both forms the nickel was present as high-spin paramagnetic nickel(II), spin S = 1, subject to almost equal zero-field splitting (cofactor F430, D = + 9.0 cm-1, EID = 0; methylcoenzyme M reductase, D = + 8.5 cm-', IE/DI = 0.2). This suggests identical axial co-ordination by oxygen ligand(s) both in aqueous cofactor F430 and in the investigated state of the protein.
INTRODUCTION
Methanogenic bacteria are strict anaerobes that form part of the primary Kingdom of archaebacteria (Jones et al., 1987) . Substrates that can provide the carbon moiety for reduction to methane include CO2, methanol, acetate and CO (Rouviere & Wolfe, 1988) .
The final step in methane formation is the reduction of methylated coenzyme M [CH3-S-CoM = 2-(methylthio)-ethanesulphonate] with 7-mercaptoheptanoylthreonine phosphate (H-S-HTP = component B) as electron donor (Bobik et al., 1987; Ellermann et al., 1988 ):
CH3-S-CoM + H-S-HTP -÷ CoM-S-S-HTP + CH4
The enzyme catalysing the reaction is named methylCoM reductase (= component C). This is a 300 kDa acidic protein with an a2fi2y2 subunit structure. It contains, at a level of 2 mol/mol of protein hexamer, a tightly bound nickel tetrapyrrole cofactor, cofactor F430 (for references see Ellermann et al., 1988; Rouviere & Wolfe, 1988) . The structure of cofactor F430 has been elucidated (see formula) (Pfaltz et al., 1982 Livingston et al., 1984; Hausinger et al., 1984; Fassler et al., 1985) .
Aqueous solutions of coefactor F430 exhibit absorption maxima at 430 nm and 275 nm, which arise from the rn-7T* transitions of the unsaturated part of the organic moiety. When bound to the protein, the absorption maximum of the cofactor shifts to 422 nm and a shoulder appears at 445 nm (Ellefson et al., 1982; AnkelFuchs et al., 1984) . In the present paper we report a comparison between the varied-temperature m.c. . In vivo the enzyme can be in different states, some of which exhibit characteristic e.p.r. spectra that have been assigned to the nickel in cofactor F430 (Albracht et al., 1986 (Albracht et al., , 1988 Jaun & Pfaltz, 1986 Vol. 260 (Schonheit et al., 1979) . Preparations of reductase, from 5 g wet wt. of cells, were carried out at 4°C as described were calculated by using 6430 = 23000 M-1. cm-l and concentrations of the enzyme were calculated by using 6422 = 46000 M-1 cm-' (Moura et al., 1983) . Absorption, e.p.r. and m.c.d. spectra were measured as previously described (Thomson & Johnson, 1980) . (Fig. 4) The best fit to this expression (Fig. 4) Shiemke et al., 1988) that is restricted to a square-planar co-ordination of nickel(II), and this remains low-spin diamagnetic. In this case the contribution to the m.c.d. spectrum of this form of the extracted cofactor F430 could be negligible, and we may be underestimating the intensity of the S = 1 form of cofactor F430. It was concluded from studies on the free aqueous cofactor F430 and model chromophores that the highspin nickel(II) is bound axially by water (Cheesman, 1984 
